Biological speciation ultimately results in prezygotic isolation-the inability of incipient species to mate with one another-but little is understood about the selection pressures and genetic changes that generate this outcome. The genus Chlamydomonas comprises numerous species of unicellular green algae, including numerous geographic isolates of the species C. reinhardtii. This diverse collection has allowed us to analyze the evolution of two sex-related genes: the mid gene of C. reinhardtii, which determines whether a gamete is mating-type plus or minus, and the fus1 gene, which dictates a cell surface glycoprotein utilized by C. reinhardtii plus gametes to recognize minus gametes. Low stringency Southern analyses failed to detect any fus1 homologs in other Chlamydomonas species and detected only one mid homolog, documenting that both genes have diverged extensively during the evolution of the lineage. The one mid homolog was found in C. incerta, the species in culture that is most closely related to C. reinhardtii. Its mid gene carries numerous nonsynonymous and synonymous codon changes compared with the C. reinhardtii mid gene. In contrast, very high sequence conservation of both the mid and fus1 sequences is found in natural isolates of C. reinhardtii, indicating that the genes are not free to drift within a species but do diverge dramatically between species. Striking divergence of sex determination and mate recognition genes also has been encountered in a number of other eukaryotic phyla, suggesting that unique, and as yet unidentified, selection pressures act on these classes of genes during the speciation process.
Sexual eukaryotes carry two classes of sex-related genes: sex determination genes act in individual organisms to determine their gender or mating type, and mate recognition genes encode traits that assure that mating occurs between the correct gender͞mating type of the correct species. We have cloned and characterized a gene of each class in the unicellular green alga Chlamydomonas reinhardtii. The sex determination mid (minus dominance) gene encodes a regulatory protein that is necessary to express the mating type minus sexual differentiation program and to switch off the mating type plus program (1) . The mate recognition fus1 gene encodes a cell surface glycoprotein called fringe that is necessary for plus gametes to adhere to minus gametes and subsequently to fuse to form zygotes (2) . The mid gene is located in a highly rearranged region, the R domain, of the mating-type minus (mt Ϫ ) locus and is unique to the mt Ϫ chromosome; the fus1 gene is located in the R domain of the mt ϩ locus and is unique to the mt ϩ chromosome (3). This study reports the results of experiments designed to identify, by low stringency hybridization, mid and fus1 homologs in other members of the Volvocales, focusing in particular on species that have been found, by cladistic analysis (4) , to be near relatives of C. reinhardtii. No fus1 homologs were detected, and only one mid homolog was detected, indicating that both genes are evolving very rapidly between species. In contrast, several geographic isolates of C. reinhardtii carry mid and fus1 genes that are nearly identical in coding sequence, indicating strong within-species conservation of these genes.
The one detected interspecies mid homolog is found in C. incerta, a species shown here and by others (5, 6) , to be the closest C. reinhardtii relative in culture although they fail to mate. The mid genes of these two species prove to carry nonsynonymous codon differences at 35͞148 positions (24%) and synonymous codon differences at 32͞148 positions (22%). Despite this divergence, C. incerta mid transgenes can direct mt ϩ C. reinhardtii cells to undergo minus gametic differentiation.
These results are discussed in the context of several additional studies that collectively document that the genes governing both sex determination and mate recognition are evolving very rapidly throughout the eukaryotic kingdom, apparently in conjunction with speciation.
MATERIALS AND METHODS
General. All of the species and C. reinhardtii isolates listed in Table 1 were cultured on solid TAP medium (7) except for C. cribrum, C. starrii, and C. sp. J., which failed to grow on Tris/acetate/phosphate but grew successfully on Volvox medium (8) . Volvox DNA was kindly provided by D. Kirk (Washington University). Electron microscopy was performed as described in Goodenough et al. (9) . Molecular Biology Techniques. The preparation of genomic DNA and protocols for Southern blotting and hybridization have been described (10) . High stringency hybridizations were carried out at 65°C, with subsequent washes also at 65°C (11) . Low stringency hybridizations were carried out variously at 37°C, 42°C, or 50°C and washed at the hybridization temperature. The tubulin hybridization probe was the whole pcf9-12 plasmid, which contains a C. reinhardtii ␤1-tubulin cDNA (12) . The fus1 probe was a 1.7-kb EcoRV-BamHI fragment from cDNA17 (2), which consists entirely of coding sequence. The C. reinhardtii mid probe was a 0.5-kb XhoI-PstI fragment from cDNA1 (1), which contains the entire coding region. Transformation of the C. reinhardtii nuclear genome used the glass bead͞vortexing protocol (13) , with minor modifications (14) .
For library construction, genomic DNA from C. incerta (CC-1870) and C. reinhardtii strain CC-1373 was digested to completion with EcoRI and separately ligated into the EcoRI site of EMBL3 (Promega). The ligated DNA was packaged in vitro (Promega) and plated on Escherichia coli strain LE392. Protocols for making plaque lifts on nitrocellulose, screening by hybridization, and purifying phage DNA were essentially as in Maniatis et al. (15) .
Fragments for DNA sequencing were cloned into pUC118 or 119, and their sequence was determined from singlestranded or double-stranded plasmid using the Sequenase Kit (United States Biochemical). The mid genes from CC-1952, -2342, and -2931 were amplified from genomic DNA by PCR using primers and conditions described elsewhere (1) . Their sequence was determined either directly from the purified PCR products or after cloning into pUC118. Each strain was amplified and sequenced twice with the same result.
The cDNA clones of the C. incerta mid and ypt1 genes were generated by performing reverse transcriptase PCR using the reverse transcriptase PCR Kit (Stratagene) on poly(A) ϩ RNA isolated from nitrogen-starved C. incerta cells. The PCR reaction amplifying mid used the primers GCATCATGGC-CTGCTTGC (which contains the initiating ATG) and GAT-GCCAGCTGCTGCAC (which ends 57 bp 3Ј of the stop codon) and the following conditions: 94°C for 1 min, 65°C for 1 min, and 72°C for 1 min for 35 cycles. The resulting product was purified from a low melt agarose gel, ligated into HincIIdigested pUC118, and sequenced. The amplification of ypt1 was performed by hot start PCR with the first three cycles at lower stringency (1 min at 94°C, 1 min at 50°C, and 1 min at 72°C) and the next 35 cycles at enhanced stringency (1 min at 94°C, 1 min at 53°C, and 1 min at 72°C). The primers used were yptC1 upstream and yptC1 downstream (16) . The obtained PCR product was purified and sequenced directly by cycle sequencing (6) .
Observations on Several Chlamydomonas Species. We and others (5) have determined that a mixup has occurred between C. incerta and C. globosa. C. incerta was collected by F. Hindak in Cuba in 1965. C. globosa was collected by H. W. Kroes in The Netherlands in 1967. A comparison of BamHI-digested chloroplast DNA of C. incerta (CC-1870) and C. globosa (CC-1872) from the Chlamydomonas Genetics Center at Duke had suggested that these two strains were similar or perhaps identical (17) . We prepared genomic DNA from CC-1870 and -1872, strains that had been obtained from the Sammlung von Algenkulturen, Gottingen, Germany (SAG), by the Chlamydomonas Genetics Center in 1985 (C. incerta ϭ SAG 7.73, C. globosa ϭ SAG 81.72), and from UTEX 2607 and 2608, strains that had been obtained from the SAG by the University of Texas Algal Collection in 1994. All four strains were digested with HindIII and PstI and, the resulting Southern blot was hybridized successively with the ␤-tubulin (at 65°C) and mid (at 55°C) cDNAs. The hybridizing fragments were of identical size in all four samples. In addition, introns VI and VII of the ypt4 gene were sequenced after PCR amplification as described (6) from both CC-1870 and -1872. Intron ypt4-VII (349 bp) was completely identical between the strains; intron ypt4-VI (451-453 bp) showed two 1-bp insertions in CC-1872 compared with CC-1870 (ϭ 99.6% identity). This level of similarity is higher than found in the closest-related geographic Chlamydomonas isolates analyzed so far (6), and we conclude therefore that a strain mixup has resulted in the loss of either C. incerta or C. globosa from the culture collections. Schlösser et al. (18) found that both species are susceptible to the C. reinhardtii vegetative wall lysin, and although it is possible that the original C. incerta and C. globosa were both susceptible, these results more likely indicate that the mixup had occurred prior to the onset of their studies. It is impossible to know whether the extant species is the Cuban or the Dutch isolate, but since most of our work has been with CC-1870, we refer to the strain as C. incerta.
The species C. cribrum was included in this study because it has been characterized as belonging to the same autolysin group (see Results) as C. reinhardtii (19) . However, in our hands this species proved to be wall-less, so we could not confirm this identification. The sequence of the rDNA internal transcribed spacer of this species (5) does not support a close relation to C. reinhardtii.
C. starrii appears to be homothallic. Cells resuspended in nitrogen-free Volvox medium form a zygote pellicle in 24-36 hr, and during that time pairs of cells can be seen agglutinating via their flagella. Unfortunately, we have been unable to induce the resulting zygotes to germinate.
RESULTS
The mid Gene of C. incerta Has Diverged Extensively from the C. reinhardtii Gene. The Chlamydomonas species most closely related to C. reinhardtii is C. incerta (5, 6) . To ask whether the extant strain of C. incerta is mating type plus or minus, electron microscopy was performed, and the gametes were found to produce canonical minus mating structures (Fig.  1) . C. incerta genomic DNA was therefore hybridized with a mid cDNA probe from C. reinhardtii at 65°C, and a weak signal was detected. All subsequent hybridizations were performed at 55°C, which gave a signal intensity on Southern blots similar to that with C. reinhardtii mt Ϫ DNA without generating artifactual bands.
A C. incerta genomic DNA library was made in EMBL3. This library was screened with the mid cDNA probe, and a hybridizing phage containing a 16.3 kb EcoRI fragment was purified and restriction mapped (Fig. 2) . The position of the mid gene within the phage insert was determined by hybridization of Southern blots of restriction-digested phage DNA with the C. reinhardtii mid probe. The DNA sequence was then determined for 1859 bp (GenBank AF002710) encompassing the C. incerta mid gene. Part of the genomic sequence and the predicted amino acid sequence are shown in Fig. 3 and compared with that of C. reinhardtii mid. To ensure that this sequence was transcribed and that the intron locations were correctly identified, two oligonucleotide primers that correspond to positions just 5Ј and 3Ј of the coding region were prepared and used for reverse transcriptase PCR. Sequencing of the resulting product confirmed that it represented a spliced product of the gene. The mid sequences from C. reinhardtii and C. incerta are highly divergent: 24% of the amino acids are different, and another 22% are specified by synonymous codons. A stretch of conserved sequence is found between amino acids 45 and 75 (C. reinhardtii numbering), and the C-terminal third of the protein carries only synonymous changes or conservative amino acid substitutions. The C terminus includes a domain carrying a putative leucine zipper (positions 109-130 in C. reinhardtii) thought to be important for mid function (1) .
A more quantitative estimate of divergence is provided by the algorithm of Nei and Gojobori (42) . Such calculations yield a value of 13.0 Ϯ 2.1 (on a per 100 site basis) for nonsynonymous changes (Dn) and a value of 58.6 Ϯ 11 for synonymous changes (Ds). The ratio of these two values, Dn͞Ds ϭ 0.22, is relatively low, indicating that there has been no overall positive selection (20) for amino acid-changing mutations (see Discussion).
The three introns are found at equivalent positions in the two genes, but their sequences are highly divergent. An available algorithm for comparing intron relatedness [SI 50 (6) ] shows that the first two mid introns display weak relatedness just above threshold level whereas the third set already falls beyond the level of significant similarity. Despite the very small size of the mid introns, these results indicate the same degree of divergence as has been obtained from the comparison of larger intron data sets (actin, ypt4) between these species (6) .
The mid gene of C. reinhardtii displays exceptionally low codon bias (B ϭ 0.161) compared with other C. reinhardtii nuclear genes (average B value Ϸ0.6) (1). The numerous codon differences in the C. incerta mid gene also generate a sequence with a very low codon bias (B ϭ 0.157). Although the overall bias of C. incerta genes has not been determined, its two sequenced genes (see below) display the same degree of GC bias found throughout the Volvocales (21), with B values of 0.709 (␤-tubulin) and 0.494 (ypt1). Therefore, the mid gene will doubtless prove to display codon usage unusual for C. incerta.
Other Genomic Sequences from C. reinhardtii and C. incerta Are Highly Conserved. A variety of data suggests that C. incerta and C. reinhardtii are very closely related. Each is sensitive to the other's cell wall lysin, an important criterion of taxonomic relatedness in this genus (22) . Moreover, studies comparing the internal transcribed spacer sequences flanking the 5.8S rRNA genes (5) and the sequences of three introns (6) have documented that C. incerta is a very close relative of C. reinhardtii. Because the foregoing studies involved the analysis of genomic regions that do not encode proteins, we analyzed two protein-encoding genes and compared their divergence with that seen for the mid genes.
␤-Tubulin Sequence. The C. incerta genomic library was hybridized with a ␤1-tubulin cDNA from C. reinhardtii to clone the C. incerta homolog. C. reinhardtii has two ␤-tubulin genes, and the pattern of fragments detected on Southern blots of C.incerta probed with the ␤-tubulin cDNA is consistent with its having two copies as well. A ␤-tubulin gene from C. incerta was sequenced (deposited as GenBank accession no. AF001379) and compared with the published sequences for C. reinhardtii (GenBank accession nos. K03281 and M10064). Only one conservative amino acid substitution (V 3 I) has occurred, at amino acid 30, reflecting the expected strong purifying selection on tubulin sequences. Of the 443 codons in ␤-tubulin, the C. incerta sequence has 29 synonymous substitutions relative to the C. reinhardtii ␤1 (6.5%) and 20 relative to ␤2 (4.5%). This would suggest that we have sequenced the C. incerta ␤2-tubulin. Unexpectedly, however, all three sequenced C. incerta tubulin introns showed significant similarity (SI 50 1.21-1.56) to their respective C. reinhardtii ␤1-tubulin introns and no similarity (SI 50 1.03-1.15) to their ␤2-tubulin counterparts. The picture is further complicated by the fact that, in C. reinhardtii, there is a very high similarity of introns 3 between ␤1-and ␤2-tubulins (SI 50 ϭ 1.78) but no similarity between introns 1 and 2. In Volvox carteri, on the other hand, the three equivalently positioned introns between ␤1-and ␤2-tubulins are unrelated to each other on the sequence level. Taken together, these results document that the pattern of intron recombination and evolution in these sets of duplicated tubulin genes is quite idiosyncratic. [A possibly analogous ''swapping'' of 3Ј untranslated region sequences recently has been observed in a comparison of a family of cytoplasmic actin genes in several sea urchin species (23) ].
Assuming that we have indeed cloned the C. incerta ␤2-tubulin gene, its 4.5% level of synonymous changes is very different from the 22% level found for the mid gene. Expressed as Ds, the tubulin value is 9.8 Ϯ 1.9, in contrast to 58.6 for mid, a 6-fold difference.
ypt1 Sequence. PCR primers derived from the ypt1 gene of C. reinhardtii, encodes a small G protein (16) , were used to amplify the ypt1 cDNA of C. incerta from reverse-transcribed RNA. This sequence (excluding 34 bp of the 5Ј-and 17 bp of the 3Ј-primer-generated ends) was compared with the published ypt1 sequence (GenBank accession no. U13168). A single nucleotide change (T 3 C at nucleotide 177 of the coding region of ypt1) distinguishes the two sequences, creating a synonymous change within codon L 59 . This generates a Ds of 0.78 Ϯ 0.78 for ypt1, or 75-fold less than the Ds value for mid.
The C. incerta Mid Protein Is Functional in C. reinhardtii. Because the C. incerta mid gene is transcribed (as documented by the isolation of a spliced reverse transcriptase PCR product) and is apparently functional in C. incerta [as documented by its ability to direct the formation of a minus mating structure ( Fig.  1) ], its divergence from C. reinhardtii cannot be explained by proposing that it is a pseudogene. To further evaluate its function, three restriction fragments carrying the C. incerta mid gene (Fig. 2) were introduced into a C. reinhardtii nic7 mt ϩ recipient strain by cotransformation using pNic7.9 (14) Therefore, the numerous amino acid changes have not obviously altered the ability of the C. incerta Mid protein to trigger minus sexual differentiation in C. reinhardtii. Unfortunately, the reciprocal transformation experiment cannot be performed because an mt ϩ strain of C. incerta is not available. fus1 and mid Homologs Are Not Detected in Most Relatives of C. reinhardtii. Given the extensive and surprising divergence of mid genes between C. reinhardtii and C. incerta, we went on to explore the extent to which mid and fus1 sequences have diverged in more distantly related Chlamydomonas species. Genomic DNA isolated from the species listed in Table 1 was restriction digested and used to prepare Southern blots. All gave strong positive signals when hybridized with a ␤-tubulin cDNA probe at 65°C. In contrast, when we initially hybridized approximately one-half of the species in Table 1 with probes made from mid and fus1 cDNAs at 65°C, no signal was detected. Therefore, all of the species were hybridized at lower stringencies, varying from 37°C to 50°C. Under these conditions, multiple fragments hybridized in each species, most of which were very faint compared with the hybridization to the C. reinhardtii control on the same blot. A few more intensely hybridizing fragments matched the size of fragments that stain heavily with ethidium bromide, suggesting nonspecific hybridization to repetitive sequences. In cases in which two mating types from the same species were available, the same faint bands were detected in digests of both mating types whereas, by analogy with C. reinhardtii, these probes should only hybridize to one mating type. In all cases, the level and pattern of hybridization suggested that most or all of the hybridization was artifactual, meaning that it will not be straightforward to identify the homologs of fus1 and mid by low stringency hybridization. For present purposes, these results are significant in that they document that both the mid and the fus1 genes are generally so divergent within the genus that homologs cannot be detected by standard protocols.
The mid and fus1 Genes Are Conserved Within C. reinhardtii. The extensive divergence between the C. reinhardtii and C. incerta mid genes and the failure to detect any mid or fus1 homologs in more distantly related Chlamydomonas species suggest that these genes are evolving rapidly. To ascertain whether such rapid evolution is occurring within a species as well, that is, whether mid and fus1 are present in the C. reinhardtii gene pool as diverse multiple alleles that then perhaps drift or hitchhike during the speciation process, we sequenced fus1 and mid genes from C. reinhardtii isolates collected in diverse geographic locales (Table 1) .
A 4.7-kb EcoRI genomic fragment carrying the fus1 gene from CC-1373 (Mass.) was identified in a phage clone and subsequently subcloned into plasmids. A region of 3812 bp covering the entire coding region and the 12 introns was sequenced, and three changes were noted (Fig. 4A) : an insertion͞deletion in introns 1 and 12 and a nonsynonymous change (S 3 L) in codon 423.
The mid gene was sequenced from three additional C. reinhardtii mt Ϫ strains: -CC-1952 (Minn.), -2342 (Penn.), and -2931 (NC). Several changes were noted in the introns and the 3Ј untranslated region (Fig. 4B) . Only the CC-2342 coding region contained any changes, both of which were single-base substitutions creating synonymous codons. The intron level of divergence (ranging from 0 to 6 ϫ 10 Ϫ2 exchanges per position) is comparable to that seen in the introns of actin and ypt4 of the same strains [average range from 6 ϫ 10 Ϫ3 to 5 ϫ 10
Ϫ2
exchanges per position (6)], although the particular interstrain differences deviate (in actin and ypt4 introns, CC-2931 and CC-2342 are much more closely related than both are to CC-1952 whereas mid introns are identical between CC-1952 and CC-2931, setting CC-2342 apart). These results indicate that the mid and fus1 genes are subject to very little within-species divergence in the natural isolates of C. reinhardtii that are available for analysis.
DISCUSSION
We document in this report that two genes that play central roles in sexual differentiation in Chlamydomonas have evolved rapidly between species. Homologs of the fus1 gene of C. reinhardtii cannot be detected in other members of the Volvocales even though mating structures per se are found not only throughout the Volvocales but also in other members of the Chlorophyta (24) . The one detectable homolog of the mid gene, found in C. incerta, is highly divergent even though, by several taxonomic and genomic criteria, C. incerta and C. reinhardtii are sibling species that have diverged only very recently (refs. 5 and 6 and present study). Within the C. reinhardtii group, on the other hand, there is strict conservation of both sequences, even between those estimated to have been separated for over 1 million years (6) . This suggests that the genes are subject to purifying selection within a species and that they diversify at the time of speciation.
As reviewed in detail elsewhere (U.G., unpublished work), these same patterns are found throughout the sexual eukaryotes. Studies on the mate recognition genes of mollusks (25) , echinoderms (26) , and fungi (27) show dramatic differences between closely related species, as do the sex determination genes of insects (28) , worms (29, 30) , fungi (31) , and mammals (32, 33) .
Whereas the need to generate novel sets of mate recognition traits at the time of speciation has long been recognized as a key feature of the speciation process (34), the sequence of events that generates and selects these new traits is poorly understood and is the subject of much controversy (35) . Not Evolution: Ferris et al. Proc. Natl. Acad. Sci. USA 94 (1997) appreciated until recently is the parallel generation of novel sex determination gene sequences in conjunction with speciation; intuitively, it would be expected that such genes would be subject to the same level of stringent conservation found for genes that govern other pathways of somatic differentiation (36) . A satisfactory explanation for this evolutionary pattern
has not yet been offered. Two recent studies of mate recognition genes in abalone (25) and sea urchins (26) document a marked excess of amino acid substitutions over synonymous changes, yielding Dn͞Ds values Ͼ 1 (in the sea urchin case, this is seen only in certain domains of the protein). Two studies of the SRY sex determination gene in primates (32) and rodents (33) also report high Dn͞Ds values in certain domains and conservation in others. In all of these studies, the data are interpreted to show that the rapid evolution of sex genes is being driven by positive selection (although, as noted above, the traits being selected are unclear). This same argument could be made for certain domains of the mid gene, notably in the amino-terminal half of the protein (Fig. 3) , but, to be convincing, such an argument must be based on more than two gene sequences.
The Mid protein of C. incerta is able to function in C. reinhardtii, suggesting that the two conserved domains of the protein (roughly residues 45-75 and 91-147; Fig. 3 ), including the putative leucine zipper (1) , are critical to the sex determination function of Mid. A similar conservation of function in widely divergent sex determination proteins has been observed for the transformer gene product of Drosophila by O'Neil and Belote (28) , and the DNA binding motif of the SRY protein is conserved throughout the mammals (32, 33) . The entire mid gene is apparently conserved within species but only portions of the gene are conserved between species, so this again suggests that there is positive selection for diversification in the nonconserved domains in conjunction with speciation. It cannot, however, be readily argued that the nonconserved domains are ''unimportant to function'' and hence ''free to drift'' because, in this case, one would expect to find within-species allelism in these domains, and this was not observed.
A striking finding was the large number of synonymous codon changes in the mid genes of C. reinhardtii vs. C. incerta. The mid Ds value of 58.6 was far higher than that of the two other structural genes analyzed (9.8 for ␤-tubulin and 0.78 for ypt1) and, indeed, higher than has been seen for other sex- (1997) related genes in genera that are far more divergent than C. reinhardtii and C. incerta: for example, the Ds value for the SRY gene is 22.1 in mouse vs. rat (33) and 27.6 in human vs. marmoset (32) . The strong codon bias found in all Chlamydomonas genes (37) is absent from the mid (and fus1) genes (1, 2), so it can be argued that synonymous changes are not selected against and therefore might tend to accumulate (38) . Such an argument, however, only raises the question of why these genes are uniquely devoid of codon bias in the first place.
The most parsimonious answer to this question is that the weak selection pressures postulated to maintain codon bias (39) are not able to override the large number of synonymous mutations that, for some reason, accumulate in these two genes. One way to escape the circularity of these arguments is to propose that there is positive selection for amino acidchanging mutations that arise in the mid gene at the time of speciation and that synonymous mutations hitchhike along. This postulate returns attention to the question of why amino acid changes in this gene might be under positive selection. An additional feature of the mid and fus1 genes that may be relevant to their evolution is that each gene is without a homolog on the opposite chromosome (3), meaning that neither gene is a substrate for recombinational repair during the diploid phase of the life cycle. It follows that purifying selection alone, without the assistance of recombinational repair, is acting to maintain the monomorphism of each gene within the C. reinhardtii species. It further follows that, if selection pressures were to reverse such that there were positive selection for variants, recombinational repair would not act to homogenize the locus and variants would be more likely to accumulate in the gene and in the population. This dynamic would operate as well for sex-related genes located in dimorphic chromosomes (e.g, the mammalian Y chromosome), but it cannot explain sex-gene divergence in general because, for example, the sex determination genes of worms and flies have homologs.
Taken together, these observations indicate that something unexplained, but very interesting, happens to the selection pressures on sex-related genes in conjunction with speciation. Possibly relevant is the unexplained observation that lineages that are especially prone to speciation tend also to be prone to extinction (40) . Perhaps being prone to extinction is the hallmark of a sexual system that is vulnerable to selection for variation and hence is prone to generate new species at the expense of the old.
